Objectives: The objective of this project was to construct a database of exposure measurements which would be used to retrospectively assess the intensity of various exposures in an epidemiological study of cancer risk among asphalt workers.
INTRODUCTION
The International Agency for Research on Cancer (IARC) is currently engaged in a multicentric study of cancer risk among European asphalt workers. The study design is a retrospective cohort assembled from workers in eight countries: Denmark, Finland, France, Germany, Israel, The Netherlands, Norway and Sweden. This report is concerned with the exposure assessment aspect of that study.
A number of reports of exposure measurements among European asphalt workers has been published. Measurements of inhalable dust exposures have been carried out in Denmark (Reitz, 1979; IARC, 1985) , Finland (Virtamo et al, 1979) , and The Netherlands (Brandt et al., 1985; Brandt and Cordingley, 1992; CROW, 1997) . Exposures to benzo(a)pyrene and a series of other specific PAH have 58 I. Burstyn et al. Step 1: Survey Identity and General Information Companies enrolled in survey
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One-to-one relationship: e.g. only one job class per sample been monitored in Denmark (Reitz, 1979; IARC, 1985) , Finland (Virtamo et al, 1979; Heikkila et al, 1994) , The Netherlands (Brandt et al., 1985; Brandt and Cordingley, 1992; CROW, 1997) , Norway (Lien, 1993) , Germany (Zorn, 1978; Blome, 1983; Knecht and Woitowitz, 1989) and Sweden (Ekstrom, 1991) . Levels of airborne bitumen fume and/or vapour in the asphalt industry have been measured in Finland (Virtamo et al., 1979; Heikkila et al., 1994) , The Netherlands (Brandt et al., 1985; Jongeneelen et al., 1988; Brandt and Cordingley, 1992) , Norway (Norseth et al, 1991; Lien, 1993) and Sweden (Ekstrom, 1991) . An assessment of dermal exposure in the European asphalt industry was performed only in one Dutch survey (Jongeneelen et al, 1988) . Information available in the scientific literature on exposures in the asphalt industry does not cover all countries, time periods and agents of interest for the epidemiological study. In an attempt to obtain data that can address these limitations, we set out to build an industrial hygiene database that would contain information on the relevant exposure measurements in the participating countries. We were particularly interested in collecting measurements of exposure to bitumen fume, bitumen vapour, inhalable dust, respirable silica, diesel exhaust, asbestos fibres and polycyclic aromatic hydrocarbons (PAH).
This paper describes our experience with creating an international industrial hygiene database and discusses methodological issues that arose in that process.
METHODS

Structure of the industrial hygiene database
The Asphalt Worker Exposure (AWE) database, a Microsoft Access 2.0 application, was developed in order to collect exposure data in the IARC multicentric study of cancer risk among European asphalt workers. The exposure data comprised individual exposure measurements plus supplementary information on when, how, why and under what circumstances the exposure measurements were obtained. The principal rationale for retrieving individual measurements for the database, rather than relying on summary statistics, was to enable us to adequately control for differences between surveys. The Appendix describes variables included in the database and, in combination with Fig. 1 , illustrates the hierarchical structure of relationships between variables in the database. The list of variables is quite extensive, and it was expected that not all data sets would contain information for every variable. Therefore, only a subset of the variables was 'required' in the data entry process, as indicated in the Appendix. Job class-specific infor-Database of worker exposure in the asphalt industry 59 Workers who are known to be involved in either road paving or asphalt mixing, but who cannot be specifically classified
All other manufacturing and related jobs a Job classes other than those expected of the asphalt paving industry have been used in the database since there was a possibility that some members of the cohort worked in these jobs for at least part of their work history. Some of these non-asphalt paving jobs may have resulted in exposure to carcinogens. Consequently, exposure information about these other job classes was also sought, albeit less actively than that which was expected to pertain to the majority of cohort members (that is asphalt paving and asphalt mixing workers). mation was analogous to information collected using a company questionnaire about production characteristics in the companies enrolled in the cohort study. This ensured that samples entered into the AWE database could be, at least in principle, linked directly to data gathered by the company questionnaires. This linkage should allow us to study how well the information gathered by company questionnaires predicts exposure intensity. It also provides an additional source of information for validation of information retrieved by the company questionnaires. Table 1 contains a list of definitions and codes used to classify job titles and classes in the AWE database.
Data collection protocol
The collaborating centres were asked to obtain exposure data available in their jurisdiction. A users' guide to the database application was developed, which contained detailed step-by-step instructions on using the AWE database. Whenever possible, the original data sheets ('raw' data) were used to enter information into the database. Data entry was performed in the collaborating centres using a version of the AWE database (referred to as a satellite database), which was identical to the master database in all respects except one. In each satellite database the country code (part of the Survey Number) was pre-set to an appropriate constant, thus identifying all data entered at one particular centre. This (a) facilitated simple appending of data from a satellite database to the master database, and (b) allowed for data entry to take place in separate locations simultaneously. Prior to being added to the master database from a satellite database, data were examined for obvious errors, and sample print-outs of satellite database content were compared with source records.
The AWE database has the capacity to be adapted to needs of a particular data set. For example, because agents measured varied between surveys, data entry forms were customized to make the application easier to use, thereby reducing data entry errors. Such modifications were effected by transmitting the database via electronic mail to and from the co-ordination centre.
RESULTS AND DISCUSSION
Experience of creating the A WE database
Gathering data. A total of 2007 sets of measurements from persons or locations across 38 different surveys have been entered into the AWE database as of 4 February 1999. Most samples in the AWE database measured exposures to inhalable dust, bitumen fume, organic vapour and various PAHs. The data collection effort spanned a period of one year. Data originated from all eight countries participating in the epidemiological study. The earliest available data were from the late 1960s. The creation of the AWE database gave us access to a wealth of data previously unpublished in peerreviewed scientific journals (34 out of 38 surveys). Consultations with industry, regulatory agencies and local research groups were very fruitful in identifying unpublished data. We were able to collect most of the data identified into the AWE database. However, there were some German and Swedish measurements that we were not able to access because raw data were either impossible to obtain or no longer existed. Individual surveys, whether published in the freely available scientific literature or not, were often either too small to permit statistical modelling or were under-analysed. Therefore, using the AWE database enabled us to access information that otherwise would not have been available to us. It would appear that in studying the asphalt industry, as in the IARC study of the pulp, paper and paper product industries (Kauppinen et al, 1997) , searching for unpublished data has proved to be a highly rewarding effort.
Source of bias
It was possible to obtain core information required by the AWE database for all samples. Supplementary information that was provided about the type of work performed by each member of the job class appeared to be comprehensive for the majority of samples. This provided us with an opportunity to model the effect of production characteristics on exposure levels. In general, the ability to collect complex supplementary information in a consistent manner in different countries is one of the main strengths of the AWE databases and methodology it represents.
Are the A WE data free from bias?. In assessing usefulness of the retrieved industrial hygiene data, we had to ascertain whether the measured exposures were representative of the exposures experienced by the asphalt workers. We would consider a measurement to be free of bias if it was a valid estimate of the mean long-term exposure level for a given set of production conditions (for example full-shift time-weighted average exposure measurement). It was not possible to obtain an exact description of how companies, individuals and days of sampling were selected in different surveys. However, we were able to assess other possible sources of bias in the AWE database ( Table 2 ). The majority of surveys claimed either to have used a representative sampling strategy or to have been conducted for research purposes. From this, we can derive some assurance that sampling strategy and reason for sampling were not significant sources of bias. Unfortunately, there was little consistency between reason for sampling and the ensuing sampling strategy. This result may reflect the subjective nature of defining a sampling strategy or actual inconsistencies between reasons for sampling and sampling strategies. We should also note that bias from sampling strategy or reason for sampling will only arise if we cannot account for the reason a particular circumstance was deemed to be, for example, a worst case scenario. Therefore, if the reported exposure circumstances account fully for variability in exposure (that is there is no variability due to sampling strategy per se), we can view even worst case samples as representative of the conditions under which they were collected. If the frequency of such conditions is accounted for in estimating long-term average exposure, an appropriate correction can be made.
Thus, in general, we did not exclude data from the AWE database on suspicion that they might be biased. Instead, we gathered information on what the source of bias might be with the intent to adjust for it in the analysis of the data. However, one Norwegian data set (unpublished) was excluded from the AWE database because there were strong reasons to believe that substantial mistakes had 62 I. Burstyn et al. been made in either collection or analysis of the samples.
Challenges of creating a database of industrial hygiene measurements
Building a database application: flexibility versus data security. The process of creating the AWE database application revealed some interesting methodological difficulties in the design of such a data collection tool. The database was created prior to the time when the data gathering effort was initiated. Thus, creating the application required an attempt to foresee what type of data would be available in the centres that performed the data entry. Since such foresight cannot be expected to be perfect, the structures of the database had to be sufficiently flexible so that they could be adapted to the needs of a particular centre. However, flexibility in a database application often can only be gained at the expense of data security. Unfortunately, in trying to achieve a balance between database flexibility and data security, some of the a priori guesses at optimal database structure were erroneous, resulting in somewhat repetitive data entry procedures. Most importantly, an extra step in the data entry process should have been added for the description of working conditions on a day that a particular crew of workers was being monitored. Currently, the description of working conditions is being done separately for each sample. Such a system offers maximum flexibility, but it failed to anticipate that almost invariably monitoring data was grouped by days of monitoring. Therefore, in designing AWE-type applications, it would be advisable to examine the data that will be entered into the database before designing the basic structures of the database.
Core versus additional information. It has been our experience that in addition to the type of available data, the objective of a particular study defines the core data that must be entered into a database. These core data have a direct impact on the structures of the database. As a result, it might be difficult to design a database that would be applicable to all situations that call for the examination of industrial hygiene measurement data, despite efforts to establish standard guidelines for creating such databases (Rajan et al., 1997) . For example, in the AWE database it was sufficient to know the job class associated with each sample, but not an exact description of the task(s) performed. However, in other applications (for example surveillance, hazard control) more detailed information about work performed during exposure measurement is probably necessary. Nonetheless, we have made an attempt to collect as much information as possible about the circumstances under which exposures were measured. We hope that the use of the AWE database to collect the information beyond the minimal core data will prove to be beneficial, not only to the exposure assessment in the ongoing epidemiological study, but also to other investigations that may necessitate exposure assessment in the asphalt industry. For example, we were able to obtain information on repeated exposure measures within individuals as well as job titles and tasks performed by sampled workers. This information will aid us in assessing the homogeneity of exposure among various groups of asphalt workers. Even though this may not be directly applicable to the exposure assessment in the cohort study, it could provide important information for designing the exposure assessment protocol for a subsequent case-control study or a study of hazard control techniques.
Different types of information from that foreseen during database design can be incorporated by (a) the use of fields that permit one to enter free text or (b) modification of the database structure (for example addition of extra options in pull-down lists or creation of new variables). Our experience with relying on the first method of data acquisition has indicated that such an approach has several limitations. Even though information entered as free text was often invaluable, it was inconsistently collected by various research centres. Furthermore, free text information must be re-coded for use in data analysis, a time-consuming and subjective process in its own right. The second method has the distinct advantage of simplifying data management, but it relies on a request for changes to the database from the person performing data entry. It is difficult to assess whether these requests are made consistently between centres in an international study. Ideally, one would be able to foresee all the types of information that may be available about an exposure measurement, but this is not very likely. Therefore, an industrial hygiene database should be sufficiently flexible in order to absorb new types of information. An 'ideal' industrial hygiene database should be adaptable both to theoretical developments in the field of exposure assessment and the peculiarities of a particular data set being added to it, while maintaining consistency in coding of variables common to all observations in the database.
CONCLUSIONS
Compiling an industrial hygiene database for use in a multicentric study of occupational hazards is an essential first step in creating a study-specific exposure matrix with quantitative exposure estimates. The structure of the AWE database (individual measurements alongside supplementary information) allowed empirical modelling and unravelled significant predictors of exposure levels and trends in exposure levels (see Burstyn et al. 2000 , accompanying paper). The ensuing regression models and observations of relative exposure intensities will aid in making the creation of a study-specific exposure matrix a more objective process. Therefore, the methodology embodied in the creation of the database can be usefully employed to develop exposure assessment tools in epidemiological studies. 
Sampling strategy
Restricted to the following list: worst case, random, representative, task-specific, unknown. The following definitions were used: 'worst case', sampling under conditions when highest exposures were anticipated; 'random', workers and or days of sampling were randomly selected for full shift monitoring; 'representative', sampling was conducted to obtain a collection of typical full shift exposures, without regard of how frequently they arise; 'task-specific', sampling for dur Job title* A code based on the definitions developed for the epidemiological study (Table 1)  Type of work done Restricted to the following options: waterproofing indoors; waterproofing outdoors; roofing indoors; roofing outdoors; both waterproofing and roofing Products used in waterproofRestricted to the following options: hot bitumen; bitumen solutions; ing bitumen emulsions; coal tar-containing products; coal tar pitch-containing products; asbestos-containing products
